ABSTRACT Reversed phase column chromatography on RPC-5 resin was used to fractionate milligram quantities of DNA fragments generated by restriction endonucleases. Frac-tionation was on the basis of size, the presence or absence of sticky ends, and at least one as yet undetermined property. We are interested in the role of DNA structure and properties in gene regulation (1) (2) (3) (4) (5) . We wish to extend our previous studies (refs. 2 Escherschia colh M1733 (gift of I. Nes) by the previously described procedure (2) with the following modifications: 1-liter cultures contained 5 g of NaCl, 10 g of Bacto-Tryptone, and 5 g of yeast extract. After cells were harvested by centrifugation, they were resuspended in 0.1 the volume of the original culture in a solution of 50 mM NaCl, 10 mM MgSO4, and 20 mM Tris-HCI (pH 7.4) and were lysed by shaking for 20 min at 370 with 2% (vol/vol) CHCI3 and 0.25 ,g/ml of DNase I (Worthington Biochemical). After phenol and ether extraction, the DNA was dialyzed exhaustively against and stored in 10 mM Tris-HCI (pH 7.4), 0.1 mM EDTA.
tionation was on the basis of size, the presence or absence of sticky ends, and at least one as yet undetermined property. We are interested in the role of DNA structure and properties in gene regulation (1) (2) (3) (4) (5) . We Reversed phase column chromatography was originally developed for high-resolution fractionation of tRNAs (8, 9) and has been used for other RNA fractionations (10) . Recent studies with a homologous series of single-stranded DNA oligomers showed that molecules (up to approximately 30 nucleotides in length) differing by one nucleotide could be separated (5) . The fractionation of three representative mixtures of large duplex DNAs is described below.
MATERIALS AND METHODS
DNA. Xplac5cI857S7 DNA was prepared from the lysogen Escherschia colh M1733 (gift of I. Nes) by the previously described procedure (2) with the following modifications: 1-liter cultures contained 5 g of NaCl, 10 g of Bacto-Tryptone, and 5 g of yeast extract. After cells were harvested by centrifugation, they were resuspended in 0.1 the volume of the original culture in a solution of 50 mM NaCl, 10 mM MgSO4, and 20 mM Tris-HCI (pH 7.4) and were lysed by shaking for 20 min at 370 with 2% (vol/vol) CHCI3 and 0.25 ,g/ml of DNase I (Worthington Biochemical). After phenol and ether extraction, the DNA was dialyzed exhaustively against and stored in 10 mM Tris-HCI (pH 7.4), 0.1 mM EDTA.
Cleavage of DNA with Bacterial Restriction Endonucleases. A sample of Xplac DNA was treated at 37°in 50 mM Tris-HCl (pH 7.9), 5 mM MgCI2, and 0.5 mM dithiothreitol with sufficient Haenophilus aegyptius (Hae) III (14) . pattern. Fig. 1 fragments from this digest was larger than from the Hae III digest. Hind II gives a "blunt cut" at G-T-Py-Pu-A-C sites, whereas Hind III cleaves at A-A-G-C-T-T sites to give "sticky ends" of four nonpaired nucleotides (18) . Fig. 2 shows the fractionation of Hind II + III fragments by reversed phase column chromatography. In general, the smaller fragments eluted first, as was found for the Hae III digest (Fig.  1) . However, Fig. 2 shows a pronounced separation for some fragments having similar sizes, as judged by gel electrophoresis. Table 1 lists the fragments with ends produced by Hind III. In every case, these "sticky ended" fragments eluted at higher salt concentrations than "blunt ended" fragments of approximately the same size.
RESULTS

Fractionation
Also, there are "blunt ended" fragments of similar sizes which separate widely during reversed phase column chromatography. This behavior is the same as observed for Hae III fragments.
Fractionation of EcoRI fragments
EcoRI endonuclease produces only six fragments on digestion of Xplac 5 DNA, all containing "sticky ends". The recognition site is G4-A-A-T-T-C (20) . Fragment sizes were reported (14) .
Under our conditions the two fragments containing the 12 bp cohesive ends of X DNA (2.1 X 106 and 12 X 106 daltons) remain annealed and behave as a 14.1 X 106 dalton fragment. Only a small amount of dissociated 12 X 106 dalton fragment was observed. Fig. 3 shows that, unexpectedly, the EcoRI fragments do not elute according to increasing molecular weight. Instead, the largest (14.1 X 106) and the 3.7 X 106 fragments elute almost simultaneously. The other fragments elute later in an unpredicted order.
To determine if the nucleotide composition was influencing elution properties, we performed analytical CsCl buoyant density analyses on the fractionated fragments. The results in Table 2 show no apparent correlation between base composition and elution order. This does not rule out a base composition effect, but does indicate that another as yet undefined factor is involved. Experiments are in progress to determine if the base pair specific binding agents, netropsin (23) and actinomycin (24) , can be used to alter the elution pattern (G. T. Horn, S. C. Hardies, and R. ID. Wells, unpublished).
DISCUSSION
Reversed phase column chromatography may be used to prepare DNA fragments for sequencing; physical, spectroscopic, and chemical studies on defined genetic loci; detailed binding studies of proteins involved in gene expression (such as repressors and RNA polymerase); DNA heteroduplex studies; and genetic engineering. Ideally, a fragment from a simple digest can be purified by one passage through RPC-5. In Fig.  3 , for example, many fractions contain a single EcoRI fragment. Of course, more complicated separations can be made by a series of restriction digestions with different nucleases, each followed by reversed phase column chromatography. From a single run, a 10-to 20-fold purification of any given fragment can be expected. Such a step might be advantageous prior to the use of another fractionation method. Since fragments of the same electrophoretic mobility often separate by reversed phase column chromatography, this technique followed by preparative gel electrophoresis should be an improvement over either method alone. Also, reversed phase column chromatography could be used analytically to separate separate fragments that coelectrophorese.
Some advantages of reversed phase column chromatography are high capacity, ease of recovery of the DNA in a state of high purity, and the capacity to separate some fragments that are unresolvable by electrophoresis. The method does not require ligand binding activity; therefore fragments that do not contain strong and specific binding sites can be purified by the same procedure. However, reversed phase column chromatography does not produce the resolution of gel electrophoresis, and it is not as rapid for analytical purposes. Because of its advantages, reversed phase column chromatography is well suited for use in large-scale preparations of DNA restriction fragments.
